Unlike energy efficiency, in terms of exergy efficiency it is possible to compare the existing operation of an energy conversion system with the ideal operation. Exergy loses and exergy destruction make it possible to identify the shortcomings of an existing system, which should be improved immediately. With exergy analysis, it is possible to identify the priority actions that need to be taken in order to improve the functioning of the system: greater exergy loss prevention is the highest priority. Energy efficiency refers to the useful work and investments needed to obtain useful work and investments needed to obtain energy efficiency; this is important to some extent, but the effectiveness of exergy makes it possible to compare system performance with the ideal. Results shows that the highest exergy destruction of a single-stage compressor refrigeration system from all working condition is found when ambient temperature and freezer temperature difference is 10 ºC, pressure in compressor is 0.62 MPa, ammonia temperature after compressor is 90 ºC, total exergy destruction of single-stage compressor refrigeration system 97.84 kW. The highest exergy efficiency of a single-stage compressor refrigeration system from all the working conditions is found when ambient temperature and freezer temperature difference is 39 ºC, pressure in compressor is 0.45 MPa, ammonia temperature after compressor is 128 ºC, exergy efficiency of a single-stage compressor refrigeration system is 59.76 %. The highest total exergy destruction of a two-stage compressor refrigeration system from among all the working conditions is found to be when the ambient temperature and freezer temperature difference is at 13 ºC, pressure in compressor 0.44 MPa, ammonia temperature after compressor 76 ºC, total exergy destruction 83.86 kW. The highest exergy efficiency of a two-stage compressor refrigeration system from among all the working conditions is found to be at an ambient temperature and freezer temperature difference of 39 ºC, pressure in compressor 0.56 MPa, ammonia temperature after compressor 92 ºC, exergy efficiency 53.55 %.
INTRODUCTION
Energy consumption in industry has become an important aspect of competitive action. Energy efficiency is one of the key aspects of reducing emissions from industry. Increasing energy consumption and high emissions indicate that current refrigeration equipment is ineffective. Therefore, in order to reduce the environmental impact of these problem s, solutions should be sought to reduce energy consumption and improve the efficiency of refrigeration systems, resulting in reduced environmental impacts [1] - [4] .
In any energy conversion system, with the help of energy balance, the input and output flows of all types of energy are indicated. The incoming energy flow can be one or more, but 230 the outgoing energy flow can only be as a product or energy loss. In its turn, an exergy analysis based on the second law of thermodynamics examines the quality of the input and output energy of the system. The energy analysis does not give a real idea about the energy system's functioning in relation to the ideal. In addition, the energy analysis does not provide information about factors causing losses in the elements of the energy conversion system. In order to overcome these limitations, an exergy analysis should be used; it allows to find shortcomings in the power supply system, which could not be identified by energy analysis. Exergy analysis examines the reduction in available energy quality and identifies the causes of energy losses and their location in energy conversion system. Exergy analysis makes it possible to determine the amount of energy that can be used for useful work [5] .
With the exergy efficiency, unlike energy efficiency, it is possible to compare the existing operation of energy conversion system with the ideal operation. Exergy loses and exergy destruction make it possible to identify shortcomings in the existing system, which should be improved immediately. With an exergy analysis, it is possible to identify the priority actions that need to be taken in order to improve the functioning of the system: greater exergy loss prevention is of the highest priority. Energy efficiency refers to the useful work and investments needed to obtain useful work and investments needed to obtain energy efficiency; this is important to some extent, but the effectiveness of exergy makes it possible to compare system performance with the ideal. Therefore, this indicator shows the maximum potential for improving the performance of the system. Energy losses must be reduced because they reduce energy efficiency, but exergy destruction can be more important than exergy losses; exergy losses are linked with energy losses, but exergy destruction (linked with irreversible processes) is not examined in the scope of energy analysis [6] .
Exergy analysis is an effective method for objective evaluation of energy conversion processes in refrigeration systems. In comparison with the energy balance, exergy analysis is used to define the types and causes of energy losses based on the quality of energy lost during heat and cooling processes [7] , [8] .
Exergy analysis includes exergy balance and efficiency in order to evaluate and improve energy conversion systems. The purpose of exergy analysis is to identify significant causes and actual values of exergy efficiency and losses. Improving the exergy efficiency will allow to reduce the amount of irreversible processes in the system and the loss of exergy. This will improve the performance of the system, thereby generating electricity savings that ultimately reduce operating costs [9] , [10] .
Refrigeration systems are important in different sectors, for example, food industry, because they are used for a variety of applications, such as water cooling, air conditioning and refrigeration; therefore, it is important that refrigeration systems work as efficiently as possible to avoid wasteful energy consumption [11] - [13] .
A number of scientific and engineering techniques are available for analysing energy use in industrial processes that are constantly being developed in order to find possible energy-saving solutions that can identify the extent and priorities for energy loss reduction.
The study [13] is devoted to the use of exergy in the design and analysis of industrial processes; the analysis of exergy and energy analysis is compared in the study. The results showed that exergy analysis during industrial process design often shows those losses that are already known. However, exergy analysis also identifies the efficiency of the process; this aspect, together with the identified energy losses, determines the potential for improvement of the design process.
In the study [14] , a glass furnace was analysed using energy and exergy analysis. The results showed that the methodology applied depends on the process of the energy system being Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 231 studied. Using exergy analysis, it was possible to identify exergy loss and destruction, as well as to identify processes that need to be improved. The identified processes were the same as those indexed by energy analysis. One of the most important findings during the study was the high rate of unavoidable exergy destruction in many processes, such as incineration, leading to low exergy efficiency.
The study [15] highlights exergy analysis of the drying process. Dinser and Sahin [16] proposed a new analysis model for drying processes based on exergy analysis. The study [17] used an exergy analysis to analyse the evaporator for fruit juice processing. The study [18] analysed the modelling of evaporator performance and the actual operation of the dairy plant. In turn, Zhang et al. [19] compared a five-effect evaporator with a three-effect evaporator with mechanical steam recompression in milk processing. One group of researchers -Choi et al. [20] carried out exergy analysis of vapor recompression evaporator, indicating new design solutions and optimum operating parameters. The results of the particular study showed that the exergy destruction that occurs in a particular component depends on its specificity and how it is affected by other system components. Exergy analysis does not always show the real losses that can be reduced, while in the case of advanced exergy analysi s, these losses can be identified [21] . The advanced exergy analysis method described in literature sources is used during the research of many industrial processes, such as refrigeration equipment [21] and cogeneration plants [22] and research [23] about the manufacturing of rubber products. The results of these studies showed the benefits of a progressive exergy analysis, because priorities for reducing energy loss are ranked on the basis of exergy destruction. Published studies have shown that the use of various exergy methods for the analysis of industrial process components can detect loss reduction options and allow to compare different alternatives. The author of the study [24] points out that the analysis of exergy in industry is not used because this method of analysis is considered to be complex and the results obtained are difficult to interpret and use. The author of the study also proposes to prepare an overview of methods of analysis of industrial processes and to provide an explanation of the r esults of each method and their application. Such a review of thermodynamic analysis of possible applications and interpretation of results would provide better understanding of practical application of industrial process analysis methods in comparison with conventional engineering techniques.
METHODOLOGY

Overview of the Analysed Fish Processing Company
The factory uses six freezers: two freezers are used for freezing fish at −32 ºC: two freezers are used to store frozen fish at −18 ºC to −20 ºC; Two freezers are used to store semi-finished products at a temperature of ~0 ºC. The factory purchases fresh fish from local fishermen, however, makes up the difference of total supply needed for production through purchase of frozen fish from another supplier. Fresh fish are initially frozen at −32 ºC, then transferred to a freezer where frozen fish is stored. The frozen fish, in turn, are placed in the freezer immediately.
All freezers are operated by 5 two-stage compressors and 3 single-stage compressors. Usually one two-stage or/and one single-stage compressor works. Single-stage compressors are used to provide the required temperatures in freezers where frozen fish and finished products are stored. Two-stage compressors, however, are used to maintain the freezer temperatures in which fresh fish are frozen.
Ammonia is used as a refrigerant in compressors, but local river water is used for cooling condensers and compressors.
The compressor performance is recorded in the journal. The following data is recorded every 2 hours:
− Ammonia temperature before and after two-stage compressor stages and flash chamber pressure; − Ammonia temperature before and after one-step compressor; − Water temperature before and after compressor and condenser as well as ammonia condensation pressure; − Freezer temperature; − Outdoor temperature; − Temperature of the ammonia vapor fed to the freezer evaporators.
Within the framework of this study, exergy efficiency as well as exergy destruction of the refrigeration system for freezing fish and parameters affecting exergy efficiency were analysed. The algorithm consists of 5 blocks (Fig. 1 ). In the first block, data of the technical and operational parameters of the refrigeration system are collected. In the second block , calculation of exergy efficiency for the single-stage and two-stage compressor refrigeration systems are made. In the third block, data analysis of the refrigeration system exergy efficiency versus operational parameters such as pressure in condenser and ammonia vapor temperature after compressor performed. In the fourth block data analysis of exergy destruction in the single-stage and two-stage refrigeration systems using Sankey diagram are performed. Writing conclusions of results took place in the last block.
Outline of the Methodology
For refrigeration system exergy efficiency and exergy destruction calculation we use the following formulas.
Exergy destruction in compressor [25] , [26] : 
where Exdest.comp Exergy destruction in compressor, kW; T0 Ambient air temperature, K; m
Mass flow rate of amonia vapor in compressor, kg/s; s2
Entropy of ammonia vapor after compressor, kJ/(kg•K); s1
Entropy of ammonia vapor before compressor, kJ/(kg•K).
Exergy destruction in condenser [23] , [24] :
where Exdest.cond Exergy destruction in condenser, kW; m
Mass flow rate of ammonia vapor in condenser, kg/s; s2
Entropy of ammonia vapor before condenser, kJ/(kg•K); s4
Entropy of ammonia vapor after condenser, kJ/(kg•K); h2
Enthalpy of ammonia vapor before condenser, kJ/kg; h4
Enthalpy of ammonia vapor after condenser, kJ/kg.
Exergy destruction in expansion valve [25] , [26] :
where Exdest.expan Exergy destruction in expansion valve, kW; m
Mass flow rate of ammonia vapor in expansion valve, kg/s; s4
Entropy of ammonia vapor before expansion valve, kJ/(kg•K); s5
Entropy of ammonia vapor after expansion valve, kJ/(kg•K).
Exergy destruction in evaporator [25] , [26] :
where Exdest.evap Exergy destruction in evaporator, kW; m
Mass flow rate of ammonia vapor in evaporator, kg/s; s1
Entropy of ammonia vapor before evaporator, kJ/(kg•K); s5
Entropy of ammonia vapor after evaporator, kJ/(kg·K); h1
Enthalpy of ammonia vapor after evaporator, kJ/kg; Exergy of refrigeration load [25] , [26] :
where ExQL Exergy of refrigeration load, kW; m
Mass flow rate of ammonia vapor in evaporator, kg/s. 
where ηex Exergy efficiency of refrigeration system; W Compressor power input, kW.
RESULTS
Calculation of exergy efficiency and exergy destruction on the basis of data received from fish processing company about single-stage and two-stage refrigeration system season 2017/2018. Fig. 2 shows information on changes in the exergy efficiency of a single-stage compressor refrigeration system depending on the ammonia vapor temperature after the compressor. From the information presented, it can be concluded that the exergy efficiency increases with the increase of ammonia vapor temperature after the compressor. The increase in ammonia vapor temperature after the compressor is explained by the amount of ammonia vapor sucked into the compressor, which is higher in the warmer months of the year than in the coldest months. The second reason for the ammonia temperature after the compressor increases is the increase in the temperature of the cooled water, which ensures the cooling of the compressor. Exergy efficiency reaches a maximum of 0.6 at ammonia vapor temperature of 128 ºC. With ammonia temperatures above 128 ºC, the efficiency of exergy decreases. Fig. 3 . Single-stage compressor refrigeration system exergy efficiency depending on pressure in condenser. Fig. 3 shows information on changes in the exergy efficiency of a single stage compressor refrigeration system depending on the pressure in the condenser. From the information shown, it can be concluded that the exergy efficiency increases with increasing the pressure in the condenser to 0.72 MPa, but decreases above the condenser pressure of 0.72 MPa. The increase in pressure in the condenser can be explained by the increase in the water temperature of the condenser cooling. In contrast, the reduction in exergy efficiency when t he condenser pressure exceeds 0.72 MPa is explained by the high temperature of the condenser cooling and the reduction of the ambient temperature. This situation is typical of the autumn months when the ambient temperature is lower than the water temperature used to cool the condenser. Exergy efficiency reaches a maximum value of 0.60 at a pressure of 0.62 MPa in a condenser. Fig. 4 shows information on changes in the exergy efficiency of a single-stage compressor refrigeration system depending on the differences between ambient and freezer temperature. From the information presented, it can be concluded that the exergy efficiency increases with an increasing temperature difference between the environment and freezer temperature. The increase in the ambient temperature and freezer temperature difference can be explained by the increase in ambient temperatures as the freezer temperature is constant. Taking into account the formulas for calculating the exergy efficiency of the refrigeration system and refrigeration load exergy described in the previous chapter, it can be concluded that the exergy efficiency and refrigeration load exergy is influenced by the difference between the ambient and the freezer temperature as evidenced by the correlation coefficient indicated in the graph. Exergy efficiency reaches a maximum value of 0.60 at a temperature difference of 39 ºC and a minimum exergy value of 0.02 at a temperature difference of 1 ºC. 5 shows information about the average amount of exergy and exergy destruction in the single-stage refrigeration system. The biggest exergy destruction takes place in a condenser followed by a 15.85 % in the evaporator and a 15.00 % in the compressor, while the smallest exergy destruction with 4.98 % takes place in the expansion valves. The amount of exergy in the refrigeration system is 39.60 %.
Exergy Efficiency and Exergy Destruction in Single-Stage Refrigeration System
The amount of exergy destruction in system elements depends on the ambient temperature and entropy change during processes in the system elements. Taking into account that the ambient temperature cannot be changed, but entropy can, it is necessary to choose the equipment or process providing modes that reduce the entropy increase . Fig. 6 . Two-stage compressor refrigeration system exergy efficiency depending on ammonia vapor temperature after compressor. Fig. 6 shows information on changes in the exergy efficiency of two-stage compressor refrigeration system depending on the ammonia vapor temperature of the compressor. From the information presented, it can be concluded that the exergy efficiency increases with the increase of ammonia vapor temperature after the compressor. The increase in ammonia vapor temperature after compressor can be explained by the amount of ammonia vapor sucked into the compressor, which is higher in the warmer months of the year than in the coldest months. The second reason for the ammonia temperature after the compressor increases is the increase in the temperature of the cooled water, which ensures cooling of the compressor. Exergy efficiency reaches a maximum value of 0.54 at an ammonia vapor temperature of 92 ºC. Fig. 7 shows information on two-stage changes in the compressor refrigeration system's exergy efficiency depending on the pressure in the condenser. From the information presented, it can be concluded that the exergy efficiency increases with increasing pr essure in the condenser. Exergy efficiency reaches a maximum value of 0.54 at a pressure of 0.56 MPa in the condenser. The increase in pressure in the condenser can be explained by the increase in the water temperature of the condenser cooling. The condenser cooling water temperature reaches its maximum value in the warmer months of the year. Conversely, the low correlation between the efficiency of the exergy of the refrigeration system and the pressure in the condenser can be explained by the fact that other parameters, such as the ambient temperature, also affect the efficiency of exergy. Fig. 8 . Two-stage compressor refrigeration system exergy efficiency depending on ambient temperature and refrigerator temperature difference. Fig. 8 shows information on changes in the exergy efficiency of the two-stage compressor refrigeration system depending on the difference between ambient and freezer temperature s. From the information presented, it can be concluded that the exergy efficiency increases with increasing temperature difference between the environment and freezer temperature s. The increase in the ambient temperature and freezer temperature difference can be explained by the increase in ambient temperatures as the freezer temperature is constant. Taking into account the formulas for calculating the exergy efficiency of the refrigeration system and refrigeration load exergy described in the previous chapter, it can be concluded that the exergy efficiency and refrigeration load exergy is influenced by the difference between the ambient and the freezer temperatures as evidenced by the correlation coefficient indicated in the graph. Exergy efficiency reaches a maximum value of 0.54 at a temperature difference of 40 ºC and a minimum exergy value of 0.18 at a temperature difference of 13 ºC. Fig. 9 . Exergy destruction in two-stage compressor refrigeration system. Fig. 9 shows information about the average amount of exergy and exergy destruction in t he two-stage refrigeration system. The biggest exergy destruction takes place in the compressor followed by a 19.56 % in the evaporator and a 13.54 % in the condenser, while the smallest exergy destruction with 1.32 % takes place in the expansion valves. The amount of exergy in the refrigeration system is 43.01 %.
Exergy Efficiency and Exergy Destruction in Two-Stage Refrigeration System
The amount of exergy destruction in system elements depends on the ambient temperature and entropy change during processes in the system's elements, that the ambient temperature cannot be changed, but entropy can be changed, then it is necessary to choose the equipment or process providing modes that reduce the entropy increase.
CONCLUSIONS
In this study, exergy analysis of single-stage and two-stage compressor refrigeration system were carried out. The exergy efficiency and total exergy destruction of the system in the different operating conditions were investigated.
The highest total exergy destruction of the single-stage compressor refrigeration system among all the working conditions is found to be ambient temperature and freezer temperature difference of 1 ºC, pressure in compressor 0.62 MPa, ammonia temperature after compressor 90 ºC, total exergy destruction 97.84 kW. The highest exergy efficiency of a single-stage compressor refrigeration system among all the working conditions is found to be ambient temperature and freezer temperature difference 39 ºC, pressure in compressor 0.45 MPa, ammonia temperature after compressor 128 ºC, exergy efficiency 59.76 %.
The highest total exergy destruction of the two-stage compressor refrigeration system among all the working conditions is found to be ambient temperature and freezer temperature difference of 13 ºC, pressure in compressor 0.44 MPa, ammonia temperature after compressor 76 ºC, total exergy destruction 83.86 kW. The highest exergy efficiency of two-stage compressor refrigeration system for among all the working conditions is found to be a mbient temperature and freezer temperature difference 39 ºC, pressure in compressor 0.56 MPa, ammonia temperature after compressor 92 ºC, exergy efficiency 53.55 %.
The exergy destruction in the refrigeration system elements is linked with the pressure and temperature changes caused by the processes taking place in each element of the system, as well as the temperature difference between the environment and the temperature of the elements of the refrigeration system.
